factors. However, PICs derived from many retroviruses, Most active nuclear import is mediated by nuclear including MLV, are unable to enter intact nuclei. Instead, transport receptors belonging to a family of proteins the MLV genome undergoes cytoplasmic reverse trantermed importins or karyopherins. While each importin scription and the MLV PIC then waits for the breakdown family member is able to recognize one or more distinct in the nuclear envelope that occurs during mitosis to classes of nuclear localization signal (NLS) directly, one enter the nucleus. As a result, MLV is unable to replicate commonly utilized import receptor, termed importin ␤ in nondividing cells. In contrast, HIV-1 is able to produc-(Imp ␤), also utilizes the importin ␣ (Imp ␣) family of tively infect nondividing cells (Weinberg et al., 1991) and adaptor proteins for cargo recruitment. For example, the HIV-1 PIC must therefore be able to enter intact many basic NLSs are recognized by Imp ␣, leading to nuclei. The primary protein mediator of this nuclear imthe cytoplasmic formation of a ternary complex conport is the HIV-1 IN protein, which has been shown to contain a short NLS sequence that is important for PIC sisting of Imp ␤, Imp ␣, and the NLS-bearing cargo. This import into the nucleus, but dispensable for the enzycomplex then docks at the cytoplasmic face of the NPC, matic activity of IN ( Figure 1D ) (Bouyac-Bertoia et al., due to specific interactions between Imp ␤ and compo-2001). While the cellular target for the unusual IN NLS nents of the NPC, before migrating through the NPC into sequence is not presently known, this NLS appears disthe nuclear interior, where the complex is disassembled.
). This central DNA flap, which is formed during reverse iary protein VPR (Vodicka et al., 1998) . VPR has been reported to associate with NPCs and to interact with transcription, may enhance the nuclear entry of the PIC by recruiting karyophilic cellular proteins that directly NPC components. Further, VPR is present in the PIC and HIV-1 mutants lacking VPR replicate less effectively mediate PIC nuclear import. Alternately, the central DNA flap may be required for the PIC to achieve a conformathan wild-type HIV-1 in nondividing macrophages. However, it is not clear that this defect is due to poor PIC tion appropriate for import. As noted above, the PIC has been proposed to be ‫65ف‬ nm in diameter, yet is known nuclear import, as others have presented data showing that VPR-deficient HIV-1 can infect nondividing cells to contain an ‫4. Once the HSV-1 capsid reaches the nucleus, it docks tion of the Ad2 capsid at the NPC (Greber et al., 1993) . Nuclear import of the HSV-1 genome is in many respects at an NPC in a process mediated by Imp␤ alone, rather than by the Imp␤/Imp␣ heterodimer used by Ad2 (Ojala similar to Ad2, although the HSV-1 capsid is not entirely disassembled after docking at the NPC. HIV-1 virions et al., 2000). This docking event requires tegument proteins that remain associated with the capsid after cytoundergo extensive disassembly in the cytoplasm, in a process that remains only poorly understood, to generplasmic entry. After binding at the NPC, the HSV-1 capsid undergoes a conformational shift that results in the ate a PIC that may be only just small enough to move through the NPC. Finally, influenza virions undergo comextrusion of the large DNA genome of HSV-1 from the capsid and into the nucleus through the NPC. An interplete disassembly at the time of cytoplasmic entry and disgorge eight viral ribonucleoproteins that indepenesting temperature sensitive mutant of HSV-1 allows capsid docking at the NPC but not DNA entry. This dently enter the nucleus after recruitment of cellular import factors. mutation has been mapped to a gene encoding a minor component of the HSV-1 tegument that is associated While considerable progress has been made in the last decade in deciphering key steps in the process with capsid pentons. This observation is consistent with the hypothesis that the pentons provide the channel of viral nuclear entry, much remains to be discovered. Progress in this area has clearly been slowed by the through which the HSV-1 genome is released into the nucleus after NPC docking (Zhou et al., 1999). Of note, technical difficulties of working with partially disassembled virions, as these are generally far more labile than the HSV-1 capsid is unlike the Ad2 capsid in that it does not disassemble during DNA release. Rather, empty intact virion particles. In addition, for viruses such as HIV-1, the high total particle to infectious particle ratio HSV-1 capsids remain associated with the NPC for some
